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NPUMEHEHUS

Ot naptHepoB nporpammsbl Natural Gas STAR

REPLACING WET SEALS WITH DRY SEALS IN
CENTRIFUGAL COMPRESSORS

3AMEHA BJTAXHbIX YNNIOTHUTENEW HA CYXVUE B
LEHTPOBEXHbIX KOMIMPECCOPAX

LleHTpoGesxHble koMnpeccopbl LUMPOKO MUCMOSb3YTCA NPy Ao0bIYe 1 TPaHCNOPTUPOBKE MPUPOAHOTO rasa. CarnbHUKOBbIE YNIIOTHEHNS
Ha BpaLlalLMXcs Banax npegoTspallaroT YTeYKU NPUPOAHOro rasa, HaxogsaLwerocs nof BbICOKUM AaBrieHneM, U3 kopryca
Komnpeccopa. TpaguLMOHHO B YNIOTHUTENSAX B KavyecTBe Gapbepa, NperpaxaatoLlero yTeuKy rasa, Mcrnosfib3oBanoch Macro,
HarHeTaeMoe nop BbiCOKkUM AaBneHnem. MNapTtHepbl nporpammbl Natural Gas STAR oBHapyXunu, 4To 3ameHa 3TuxX "BnaxkHbIX"
(MacnsHbIX) yNnoTHUTENEN Ha CyXue 3HAYUTENbHO CHUXKAET SMUCCUI0 METaHa 1 SKCMIyaTalMOHHbIE pacxodbl.

OmMuccus MeTaHa Yepes BnaxkHbIe YNNoTHUTENN 00bIYHO nameHnsetcs ot 40 o 200 dyT.’/muH. (ot 1,13 oo 5,6 M*/muH.). Bonblias
YacTb BbIOPOCOB NPUXOAUTCS Ha BPEMS OCBODOXAEHWS LIMPKYNMPYOLLEro Macrna ot rada, abcopbupoBaHHOrO nog, BbICOKMM
[aBneHneM Ha NoBepxHOCTM ynnoTHutenen. Cyxme ynnoTHUTENM, NCnomnb3ytoLLye ra3 BbICOKOro AaBreHust AN repmeTtmusauum
KOMMpPeCccopoB, NPOMNycKarT MeHbLue MeTaHa (8o 6 dyT./MuH. (0,16 M*MUH.)), umetoT Bonee HU3Koe aHepronoTpebneHue, yny4dllatoT
paboty 1 adeKTUBHOCTL IKCNIyaTaLmm KOMNPECCOPOB 1 TPyOONPOBOAOB, MOBLILLAIOT HaAEXHOCTb KoMMpeccopa 1 TpebytoT
3HaYNTENbHO MeHbLLEro o6bema TEXHNYECKOTro 0BCNyXMBaHWS.

XOoTS cyxue ynroTHUTENN HEBO3MOXHO YCTaHOBUTL HA HEKOTOPLIX KOMMPECccopax BBUAY KOHCTPYKLMW KOPryca UM 3KCNyaTauMOHHbIX
TpeboBaHWi, NapTHepPbl AOMKHbI OTAABaTb NPEANOYTEHNE CyXMM YNIIOTHATENAM nepes "BNaxKHbIMU" BCAKWIA pa3 npu 3amMmeHe nnm
YCTaHOBKe LIEHTPOBEXHBIX KOMNPECCOPOB TaMm, rae 310 BO3MOXHO. Cyxue ynnoTHUTENU MoryT obecneyunTts akoHomuio fo $135 000 B
rog 1 okynuTtbcs 3a 14 mecsaues. OgmH 13 naptHepos nporpammbl Natural Gas STAR, yCTaHOBMBLUMI CyXOWN YMIOTHUTENb Ha
OEVCTBYOLLMIA KOMMPeccop, coobLaeT 06 yMeHbLUEHUN CYyTOYHOM aMmUccum Ha 97 NpoLEHTOB, T.e. OT 75 g0 2 Teic. dyT.? (o1 2 123 M*
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MeTop, cokpalleHusi

WcTouHuK ammccum | notepsiHHOro rasa, COXPaHEHHOro rasa, | BbINOMHeHUA pabor, OkynaemocTb
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YcTaHoBKa Cyxux
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YNroTHUTEnNen

0o 56,6 m°) 1 akoHomum noutr $80 000 B rog Ha odHOM rase.

p L KAY p p p Y. y n(te. yT. . (2,8 M*/MuH.) B cpaBHEHUM C 6 yT./MUH.
(0,1 M*MuH.) Ha "BanoyHoM" Tune KoMnpeccopa, pabotatowero 8 000 yacos/roa.

2 CTommocTb rasa = $3/Tbic. dyT.® ($106/ Thic. M*)

3 OCHOBaHO Ha 3aMeHe MOMHOCTLI0 (hYHKLVOHMPYIOLLMX BRaXHbIX YMIIOTHUTENEN NPy AOMOMHUTENBHOM CHbkeHWUM 3aTpat Ha TO B paamepe $73 000.

HacTtoawmn goKyMeHT - oauH u3 otyeToB cepum "OnbIT npuMeHeHns", paspabotaHHon EPA B coTpygHu4ecTBe ¢
rasoBoOV OTpacsiblo B paMkax npoektoB nporpammbl Natural Gas STAR.



BnaxHble ynnoTHuTenu

LleHTpobexHbiM KoMnpeccopam HeobxoayMbl YNNOTHEHWS BOKPYT BpaLlatoLLerocs
Bana Ansi NpegoTBpaLLeHns yTeuYkM rasa Ha MecTe BbIXoda Barna u3 kopnyca
Kkomnpeccopa. bonee pacnpocTpaHeHHbIN TUM KOMNPECCOPoB Ha 6anoyHOM
KpenneHuu, "6anoyHbIi", UMeeT ABa CanbHUKOBLIX YNAOTHEHWS, MO OAHOMY Ha
KaXx4OM KOHLKe KoMMpeccopa, B TO BPEMS Kak KOMMNpeccophb! "HaBecHoro" Tuna
NUMEIOT TOMbKO OAMH, "BHYTPEHHWUI", CanbHKK (CO CTOPOHbLI ABuratens). Kak
nokasaHo Ha puc.1, 3T1 ynnoTHUTENW UCNOMb3YHOT Macro, LMpKynupyoLlee nog
BbICOKUM JaBfieHneM Mexay Tpems KonbLamy BOKpYr Bara KoMnpeccopa,
hopmupys Bapbep Ans yTedkun cxartoro rasa. LieHTpanbHoe KomnbLo 3akpensneHo
Ha BpaLllatoLLemMcs Bany, B TO BpeMs Kak ABa KorbLa C KaXKaou CTOPOHbI
MPUKpenneHbl CTaLMoHapHO K KOPMyCy U NpuxXaTbl TOHKOW NIEHKON macna,
npoTeKatoLLero Mexay AByMs KorbLamu, Ansd obecnevyeHns cMaskm U orpaHu4eHms
yTeyek. "O-obpasHble” pe3anHoBble YyNNOTHUTENW NPefoTBpaLLatoT NosiBreHe
YTEYKN BOKPYr HEMOABWKHbIX Korew,. Tornbko o4eHb HeborbLion obbem rasa
npocayvBaeTcs Yepes MacnsHbln 6apbep, 3HauMTenbHO 6ornbLue rasa
normnoLwaeTcsi Macriom Npu BbICOKOM AaBreHnn "BHYTPEHHUM" ynnoTHEHEM (CO
CTOPOHbI KOMMNPEeCccopa) Ha NOBEPXHOCTU pa3dena mMacna u rasa u, Takum
0bpa3oM, NPOUCXOAUT 3arpsisHeHre ynnoTHsLWero macna. AbcopbupoBaHHbIv ras
BblQyBaeTCH M3 Macna (C NpUMeHeHeM HarpesaTernen, cenaparopos-
pasgenutenen n TeXHONOrMn gerasauum), 1 OHO BHOBb HanpaBsnsdeTcs Ans
peumnpkynaumn. N3snedeHHbI MeTaH, kak NpaBumo, BbiMyCcKkaeTcs B atmocdepy.

Puc. 1: BnaxHble ynnoTHuTenu
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Cyxue ynnoTHuUTenu

MexaHundeckne cyxme ynnoTHUTENN SBMSIOTCH anbTepHaTUBON TPaauLMOHHBIM
BM@XHbIM (MacnsiHbIM) CUCTEMaM CarbHUKOBbIX YMIOTHEHWI. [lecTBME AaHHbIX
CMCTEM He OCHOBAHO Ha LMPKynsummM ynnoTHsowero macna. Cyxue ynnotHUTenm
DYHKLMOHMPYIOT MEXaHNYECKN Nog, BO3AENCTBMEM NPOTUBOAENCTBYIOLLMX CUf,
co3gaBaembiX rMapoaNHaMUYECKUMN YIITyONeHnsaMM 1 CTaTuYecknm AaBneHneM.

Kak nokasaHo Ha puc. 2an 2b, rmapognHamunyeckmne yrny6r|eHV|9| BbITPaBIiEHbl HA
NOBEPXHOCTW BpalLlakoLlerocd Kosnbla, npukpensieHHoro K sasjly Komnpeccopa.
Korga KOMnpeccop He BpallaeTcd, CTaunoOHapHOE KOJ1bLOo Ha nepep,He|7| 4YacTtu
KopnycCa npumxarto K BpallarolemMycs KorbLly Npy>KNMHamMmu. Korga Ban KomMnpeccopa



BpaLLaeTcs C BbICOKOW CKOPOCTbLIO, TO AN CXKATOro rasa 0CTaeTcst TONbKO OAuH
NyTb OBWKEHWS: BHW3 MO Basly 1 Janee Mexay BpallalowyMncs 1 HenoaBvKHbIM
KonbLamMun. OTOT ras NpokadMBaeTcs Mexay Konew, BbieMKaMy Ha BpallatoLlemcst
KornbLe.

[MpoTBOAENCTBYIOLLME CUSbI FA3a BbICOKOrO AABMEHMS, MPOKaYMBaEMOro Mexay
KonbuamMun u npyxmnHamu, nbiTalOlLMMNCA BbITONKHYTb KOnbLa, BMECTE CO34ak0T
OYeHb TOHKMI 3a30p MeXAy KorbLiaMu, Yepes KOTOPbIN MOXET NpocavnBaTbCst
nvwb HebonbLwon obbem rasa. Bo Bpems paboTbl komnpeccopa Kosbla He
KOHTaKTUPYHOT APYr ¢ APYroM 1 MO3TOMY He U3HALLMBAKOTCA U HE HY>KAatloTCA B
cmaske. YNnoTHUTENbHbIE KOnbLa repMeTn3npyroT CtalmoHapHble KomnbLa B
Kopnyce carnbHuKa.

Puc. 2 a. Cyxue ynnotHutenu
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Puc. 2 b. Cyxue ynnotHutenu
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rasa yepes nabupuHT [aBneHuve rasa mexay MpyxuHa cxumaeT
KosbLaMu cTauroHapHoe u
NpensiTCTBYEeT yTeuke BpaLllatoLleecs
TEXHONOrMYEeCcKoro rasa KonbLa




CepuiiHast ycTaHOBKa ABYX U Bonee Cyxmx ynnoTHUTENEN, Kak MOKa3aHo Ha puC.
2 b, HasbIBaeTCA "ABONHBIM CyXUM YNIOTHUTENEM" U ABMSIETCA OYEHb
3(PhEKTUBHLIM METOLOM CHIDKEHMUS yTeYeK. Takoy TUM YNIOTHEHUSA UMEET MeHee
1% yTeyek, KOTOpble MPW YCTAHOBMEHHbIX CUCTEMAX BIaXHbIX YMOTHUTENEN
BbIMycKatoTca B atMocdpepy, 1 6ornee aKOHOMWYEH B 3KCMyaTaumm.

Cyxue rasoBble YNiOTHUTENN CYLLECTBEHHO YMEHbLLAIT SMUCCUI0 MeTaHa. B To
)Keé camoe BPeMsi OHM 3HAYUTENBbHO CHUXKAIOT SKCMIyaTalyoHHbIe pacxodbl 1
yBenMunBatoT aEKTUBHOCTL paboThbl KOMMpeccopa. AKOHOMUYECKME U
3KOMoryyeckune BbIrodbl OT NMPUMEHEHNS CYXMX YNIIOTHUTENEe BKIoYatoT
criegyoLuee.

* HTEHCMBHOCTb yTeYKkM ra3a. B TeueHne HopmanbHOro neproga aKcnnyarauum
0bbeM yTeuek uepes Kaxabli Cyxon ynnoTHUTenb uameHsercs ot 0,5 o
3 qoyT.3/M|/|H. (o1 0,01 o 0,08 M3/MI/IH.) B 3aBMCMMOCTU OT pasmepa
yAnoTHUTENS U paboyero faBneHnsa. XoTs AaHHOe 3HaYeHre SKBMBaNeHTHO
WHTEHCUBHOCTW yTeYeK Yepes3 NOBEPXHOCTU BNAXHbIX YNIOTHUTENEN, Haao
YUYUTBIBATb, YTO MPU YCTAHOBMEHHBIX BIAXHbLIX YNIOTHUTENSAX MPOUCXOOUT
OOononHUTENbHasg aMnccus oT Aerasauum umpkynupytowtero macna. O6bl4HO ras
13 macna BblinyckaeTcs B atmocdepy, yaBaneas obLLmn obbem yTeyek yepes
ynnotHuTenu, u cocraenset 40-200 ¢)yT.3/M|/|H. (1,1- 5,6 M3/MMH.), B
3aBMCMMOCTM OT pa3mepa 1 paboyero AaBneHus KoMnpeccopa.

* YNpoLLeHHOCTb MEXaHNYECKOM KOHCTPYKLMM. CUCTEMbI CyXMX YNIOTHUTENen He
TpebytoT YCTaHOBKM CIOXHbIX KOMMOHEHTOB, 0GECNeUMBatoLLIMX LIMPKYISLIO
macna, v YCTPOICTB Mo ero obpaboTke.

* CHwKeHue aHepronoTpebneHus. Beuay Toro, 4To Ans Cyxux ynnoTHUTEnNen He
TpebyeTcsa AONONMHUTENBHBLIX HACOCHBIX CUCTEM ANS LMPKYNSauumn macna, npu
NX yCTaHOBKe HeT "noboyHoro" obopyaoBaHus, NoTpednsaowero
3MEKTPOIHEPTUIO U, CriefoBaTenbHO, HET MNOTEPb ANeKTPo3Heprn. Cructemsl
BMNaXHbIX ynnoTHuTenen notpebnstot ot 50 go 100 kBTy anekTposHepruu, B TO
BpPEMS Kak CMCTeMaM CyXMX YNIoTHUTENEN JOCTaTo4YHO 5 KBTY.

* [MoBblleHHaa HaaexHOCTb. Bonblias YacTk NPOCTOEB KoMMpeccopa ¢
BINaXKHbIMU YNIOTHUTENAMM 0BYyCcroBneHa npobremamMu B cucteme
YNNOTHEeHWH. CUCTEMBI CYXWX YMIOTHUTENEN UMEIOT MEHbLLIEE YMCIO
BCMOMOraTesibHbIX Y3MoB, YTO U 06ecneymBaeT NoBbilLEHe OBLLEN
HaOEXHOCTU U CHUKEHIE KOMMYECTBa BpeMeH NpoCcTOeB KoMMpeccopa.

* MeHblwunii 06bem TO. CUCTEMbI CyXUX YNITOTHUTENEN UMEIOT HU3KME 3aTpaThbl
Ha TO no cpaBHEHMIO C CUCTEMAaMM BINAXHbIX YMIIOTHUTENEN, TaK KaK Y HUX
OTCYTCTBYHOT NOABWXHbIE AeTanu, oba3aTenbHble Npy LMPKynsaumumM macra
(Hanpumep, HacochI, KranaHbl YNpaBneHusl, MepenyckHble Knanatbl).

* WcknioueHne yteuek Mmacna 13 BnaxHbIX yrnnoTHUTENen. 3ameHa BriaXKHbIX
YNNOTHUTENEN Ha CyXMe UCKITKYAET YTEUKy YNIOTHALLEro Macna B
TpybONpPOBOA M TEM CaMbIM HE MPOUCXOAUT 3arpsi3HEHUS ra3a u yxyaLleHus
TEXHUYECKMX XapaKTepucTuk Tpybonposoaa.

OBbIYHO NPY PacCMOTPEHNM BONPOCA YCTAHOBKM CYXMX YMITOTHUTENEN NapTHeEpPbI
nporpamMmmsbl CTarnknmearTCA C TpeMAa cnegyrwmmMmmn cuTyaumamMn: nonHaa 3amMeHa
KoMmnpeccopa; 3aMeHa N3HOLLUEHHbIX BITaXHbIX yI'IJ'IOTHVITGJ'IGVI Ha pa60Tarou.|,eM
KOMMNPECCOope; 3amMmeHa BIaXHbIX ynroTHUTENen B paboyem COCTOsiHUM Ha
pabotatoem komnpeccope. Okorno 90% HOBbIX KOMNPECCOPOB OCHALLEHbI CYyXUMMU
ynnoTtHutenamu. Mpy Nnokynke HOBOrO KoMrpeccopa obsi3atensHo ybeamTecs B
Hanm4me Cyxux ynrnoTHUTEnNen.



I'IpM npoBeaeHnn aHanmaa 3aMeHbl
BIaXHbIX yﬂﬂOTHMTeﬂeVI Ha pa60Tarou.|,eM

Komnpeccope chepexeHnst oT YeTbipe 3Tana no ycraHoeke
COKpALLIEHUS AMUCCUM [OIDKHbI CYXUX ynnoTHuTeneu:
YUYUTBIBATLCA HApAY C KanuTasbHbIMU U 1. BbisiBNEHWe KOMMNpeccopos-
3KCMnyaTauMoHHbIMK 3aTpaTamu 1 JETANERENELS (afiks) SR CIeHEAE
nory4aeMbIM1 Bbirofamu. JkoHomuyeckue Y IOTHERMM.

rokasaTerniv 3aMeHbl BraXHbIX 2. OugHKa 3KOHOMUM MpU YCTaHOBKE
YNNOTHUTENEN BECbMa YOeanTenbHbI, 1 CYXVX YNIOTHEHMIA.

napTHepbl O0IMKHbI MPON3BOAUTL 3. OnpegeneHve CToMMOCTH
nofo6Hble 3aMeHbl TaM, rAe 3To nepeocHaLLeHus.

BO3MOXHO. [MpoLecc NpUHATUS peLleHuns, 4. AHanu3 3aTpar u NpuBLINK.

NpVBEAEHHbIV HUXKe, ABNAETCS

PYKOBOACTBOM MpW BbIGOPE KOMMPECccopoB

[Ns1 OCYLLECTBNEHUS 3aMeHbl BMaXkHbIX YNIOTHUTENEe Ha Cyxue 1 pacyeTe
NpWGbLINM 1 3aTpaT Ha JaHHble OeNCTBUS.

OT1an 1: BbisBNeHMe KOMMNpeccopoB-KaHAMOATOB AJisl 3aMeHbl CUCTEM
ynnoTHeHun. OnepaTtopbl A0MMKHbI MPON3BECTU MHBEHTAPM3ALMIO Y TEXHUYECKYHO
OLIEHKY BCEX UMEIOLLMXCS KommpeccopoB. CrieayeT yuntbliBaTb TakMe nokasarenw,
KaK TUMn KoMnpeccopa, COCTOsIHME apMaTypbl 1 paboune ycnosus. Bee
KOMMpeccopbl, paboTaloLlme Ha BAaXHbIX YNIOTHUTENSAX, OOMKHbI ObITb YYTEHbI, U
NX COCTOSIHME OLEHEHO AN OCYyLLEeCTBMNEeHNs 3aMeHbl. [pu onpegeneHnm
KOMMpPEeCcCopoB-KaHAMOATOB Ha 3aMeHy creayeT yunTbiBaTb CreayoLlee:

* BesonacHasi ycTaHOBKa CyxuX YMNiOTHUTENEN BO3MOXHA Ha KoMMNpeccopax,
pabotatowmx npu gaesnexHun 3 000 dyHT/grorim? (20,6 MIMa); 0bbI4HbI peEXnM -
1 500 dyHT/gronm? (10,3 MIMa). OgHako cyxue ynnoTHUTENW MOTYT ObITb
Hebe3onacHb! Npu Goree BbICOKOM AaBrneHunn. Hegonyctumo npumeHeHne
CYXMX YNIOTHEHUN npu TemnepaTypax Boiwe 300-400 F (149-204°C) (u3-3a
OrpaHUYeHuUiA No MaTepuarny U3roToBIEHNS YMNMOTHUTENbHBIX Korew)'.
HekoTopble MOAEeNM KOMMPECCOPOB HE AOMYCKalT NePeoCHaLLEHNS Ha CyXue
YNAOTHUTENW.

* HekoTopble ycTapeBLUMe MOAENN KOMMPECCOPOB MOIYT OKa3aTbCs Ha npegene
CBOEro CpoKa 3KcnnyaTaumm, u No3ToMy MX Nny4lle paccmaTtpuBaTb B Ka4ecTBe
KaHAMAATOB Ha MOSHYI0 3aMeHy. [laHHoe pelueHne obblYHO NPUHMMAETCSA Npu
nnaHMpoOBaHMM OCHOBHOMO KanuTanbHOIMO PEMOHTA, Korga NpoeKkTupyemble
3atpaTtbl Ha akcnnyatauuto 1 TO ycTapeBLUero kKommnpeccopa HaMHOro
npeBbIWaoT NOAOOHbIE U3OEPXKKN HA COAEPKaHNE HOBOWM YCTaHOBKW. Ha
OAHHOM 3Tane noBoAOM K 3TOMY MOXET MOCNY>XUTb HEOXMAAHHbBIA POCT
YyacToTbl 1 0ObEMOB HenpeaycmoTpeHHoro TO, OTCyTCTBME 3anyacTen unm
TEXHMYECKOro nepcoHana.

LleHTpoGexHble koMnpeccopsbl, oTBevatoLLme TpeboBaHsam Omarna 1, OOMKHbI
OblTb pacCMOTPEHbI Aanee no ApyrM nosuumnsim.

OT1an 2: OueHKa 3KOHOMUMU npu ycCtTaHOBKe CyXux yﬂnOTHMTeneﬁ. OcHoBHas
9KOHOMUA CpeaCTB OT 3aMeHbl BITaXHbIX yI'IJ'IOTHMTeJ'IeIZ Ha Cyxune 06ycnosneHa
COKpaLleHnemM noTtepb n3-3a yTe4km MmeTaHa. [lns oueHKn aKoHOMUK napTHepbI
MOTyT Npon3BeCTN NaMepeHna NoTepb MeTaHa U3 KOMIMpPeCccopoB, OCHALLEHHbIX
BIaXXHbIMU YMNNOTHUTENAMU, B Me€CTaX BbIlNMyCKa ra3a n3 yCtaHOBOK Aerasaunn
ynnoTHAKLWEro macra, NCnosib3yAa MeTo 0T6opa B ra30060pr|e E€MKOCTHW.

'John Stahley, Dresser-Rand Co.




HebornbLuol 06beM rasa yneTy4mBaeTcs Yepes NOBEPXHOCTb YMNOTHUTENS 1
coctaensieT MeHee 10% ammccum U3 yCTaHOBKU Aerasaumm ynioTHSALWEro macna,
HO ero 3amep 3aTpygHeH. ObObIYHbIN 0OBLEM yTEYEK Yepes YBMaKHEHHbIE
YMMOTHUTENM KOMMPECCOPOB GanovHoro kpenneHus nameHsietca ot 40 go 200
dyT.3/MuH. (1,1- 5,6 M*/MUH.).

Ha pwuc. 3 npvBegeHo cpaBHeHVE NPOEKTUPYEMbIX MOTEPb OT CUCTEM CYXMX
yRnoTHUTenen n tTabnuua pabodmx xapakTepmucTuk, npunaraemas nocTabLLMKOM
OaHHbIX cucTeM. B kadecTBe npumepa paccMaTpuBaeTCs YyCTaHOBKA COBOEHHbIX
ynnotHutenen ¢ obbemom ytedek ot 0,5 oo 3 dyt.*/muH. (0,08 M*/MuH.), npn
wtokax komnpeccopa 1,5 -10 arorimoB (38 - 254 mm) n paboyem gasnerHum 580 -
1 300 dpyT./gronm? (3,9 - 8,9 MlMa). 3ameHa BNaxkHbIX YNIIOTHUTENEN HA YCTaHOBKY
CABOEHHbIX CyXUX YNroTHUTENen MOXeT obecnevnTb CokpalleHne 3MNCCum B
npegenax 34 -194 cyt.*/muH. (0,9 5,4 M*/MyH.). [JaHHOE 3Ha4YeHWe IKBMBANEHTHO
o6vemy 16 320 - 93 120 Thic. dyT.® (462 - 2637 TbIC. M°) 32 8 000 YacoB rogoBow
akcnnyatauum npu $48 960 -$279 360 o6LLE SKOHOMUN AEHEXHbIX CPEACTB.

Puc. 3: Paboumne xapakTepuCTUKU CyXux ynroTHuTeneun
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[MprmeyaHne: gaHHbIM rpaduk, NOKa3bIBaKOLLUA COOTHOLLEHNE NOBEPXHOCTEN
YNNOTHUTENS, NPYBEAEH TOMbKO B KayecTBe npumMepa. Paboune xapakTepucTukm
MOryT OTNNYaTLCA B 3aBUCMMOCTM OT 060pya0oBaHMA 1 Tuna o6CnyXmBaHus.

McTouHuk: BW/IP International, Inc.,Seal Division. Durco International and BW/IP
International, Inc. cenvac nssectHasn kak FLOWSERVE Corporation.

[aHHbIN NpoLecc NpYMEHNM KO BCeM MOZEeNsiM komnpeccopoB. MeHee
NCNosnb3yeMble HaBECHbLIE KOMMPECCOPbLI UMET OAWH YNIIOTHUTENb, U ero
3aMeLLEeHME Ha CYXOM TUM AAET TOMbKO MOSTOBUHY 3KOHOMMK, BO3MOXHYHO NpK
nepeocHaLLeHn1 koMmnpeccopos "banovHoro" Tuna. Kpome akoHOMUM rasa cyxue
YNNoOTHUTENM 0becneynBatoT CHKeHWe 3aTpat Ha TO 1 akcnnyaTauuo. 3aTpaThl
Ha TO cucTem cyxux ynrnoTHUTeNen BapbupytoTcs B AvanasoHe $6 000 - $10 000 B
rog. JeTanbHoe cpaBHeHue 3aTpaT Ha TO BRaXHbIX U CyXUX YMNOTHUTENEN
paccmoTpeHo B pabote Uptigrove n ap., 1987. Ha puc. 4 nprBeneHbl UTOrosble
pacyeTbl 41151 KOMIPEeCCOopoB C AnameTpoMm LwTtoka 7,5 aronmos (191 Mm) 1
akcnnyatupyembix 8 000 yacos B rog.



Puc. 4: TopoBas akoHomusa 3atpat Ha TO Komnpeccopa ¢
CYXUMM YNIIOTHUTENSAMN'

1.CHWKeHMe noTepb MOLLHOCTY No ynroTHuTenam = $13 900.
2.CHWkeHWe noTepb Npu nNpokadke mMacna/pabote BeHTunaTopa = $4 000.
3.YBenuueHne nponyckHol crnocoGHocTu Tpybonpoeoaa = $26 600.
4.CHuxeHue notepb macna = $3 500.

5.YMeHblueHne BpeMeHu npoctost npu TO = $15 000.

O6wasn akoHomus = $63 000.

'S.0.Uptigrove u gp.

[MpegycmoTpeHHble B pacdeTax 0COBEHHOCTM MO y4acTkaM NPUMEHEHNS
BKkItoyatoT: (1) moTepm OT rMapOAVNHaMUYECKOrO CONMPOTUBIEHNS BMIAXKHBIX N CyXUX
YyAnoTHUTENeN, (2) MOLLIHOCTb Hacoca nogayy YrioTHALEro Macra u
BEHTUNATOPA OXnaxaeHus, (3) MOLHOCTb KoMMnpeccopa, (4) pacxoq
ynnoTHsaLWero macrna u (5) rogoBble 3aTpartbl Ha aBapUHbINA U NITAHOBbLIA PEMOHT.

Or1an 3: OnpeaeneHne CTOMMOCTU NepeocHalleHusi. CToMMOCTb CUCTEMbI
CYXOro YMIoTHUTENs onpeaensieTcs BeNMYMHON paboyero AaBneHns, AMaMmeTpoM
LUTOKA, CKOPOCTbO BPALLEHUSI U APYTMMU OCOBEHHOCTAMU YCTaHOBKU. CTOMMOCTb
ynrnoTHUTens 06bluHO cocTaenset $5 000 - $6 000 Ha AroviM AvameTpa WwToka npu
BraxkHbIX ynnotHuTensx u $8 000 - $10 000 Ha AtoiM cucTeMbl OBOMHOTO CYXOro
YNNoTHUTENS. OTU U3OEPXKKN YOBaNBAKOTCA NPU NEPEeOoCHaLLEHNM KOMNPECCOPOB
“6anoyvHoro” Tvna (aBa ynnotHuTens).

Mpoumne n3gepxkx BKNOYaT paboTbl MO MPOEKTUPOBAHWMIO, YCTAHOBKE U
NCMomnb30BaHMIO BComoraTefnibHoro obopyaosanus. Cyxve ynnotHutenu Tpebytot
Hanuuusa NynsTa ynpasneHys NoTokaMu rasa, (unbTPaLMOHHbIX YCTPONCTB U
annapaTypbl KOHTPOMS, B TO BPEMS, KaK AN BNAXHbIX YMOTHATENEN HeobXoanMbl
HacoCbl MPOKaYKN YMIOTHAOLLEro Macna, BEHTUNATOPbI OXNaXaeHu s, YCTaHOBKN
Aerasaumm n koHTpons. CTOMMOCTb CUCTEMbI ONpeAenseTcs 0COBeHHOCTbI0 MecTa
pa3mMeLlLeHns 060pyaoBaHNS 1 ero TWMNa, YacTOTOM KOHTPONS U HanuymMem
KOMMOHEHTOB 1 BapbupyeTtcs B npefenax $30 000 - $100 000 ans cyxmx
ynnotHuTenei n $200 000 ans BraxHbIX ynnoTtHuTenen. CTouMocTb
BCNomMoraTenbHoro o60pyaoBaHms ognHakoBa Al KOMMNPEeCCOPOB C OAUHAPHBIM U
ABONHBIM YNNOTHUTENEM.

Otan 4: AHanu3 3aTpaT U NpubbINK. [NpocToe cpaBHEHNE CTOMMOCTU 3aMEHbI
BMaXHbIX YNAOTHUTENEN KOMMIPECCOpa Ha Cyxvue OEMOHCTPUPYET Hanuune
OOMbLLOV 3KOHOMMWWN CPEACTB 3a MNATUIETHUIA NEepUoA aKkcniyatauun. Ha puc. 5
npuBedeH NpMMep Ha OCHOBE cToMMocTy Omaros 2 n 3 ana “6anovHoro” Tnna
KomMnpeccopa ¢ AvamMeTpoM wToka 6 atonmos (152,4 MM) 1 rogoBoi HapaboTKow
8 000 yacos.



Puc. 5: CpaBHeHMe CTOMMOCTU 3aMeHbl YNNOTHUTEeNnen Ansa
KoMnpeccopa “6ano4yHoro” Tuna co WToKkom 6 AOMMOB

(152,4 mm)
Cyxon BnaxHbIn
KaTteropusa 3atpar YyNNoTHUTENb, YNNOTHM-
$ Tenb, $
CTOMMOCTb BbINOMHEHUsA paboT’
CTOMMOCTb ABYX YNIOTHUTENEN (2 CyxuX npu
120 000
$10 000/WTOK-AtOVM, C TECTUPOBAHNUEM)
CToumMocTb ynnotHuTens (2 BnaxHbix npy $5 000/wiToK-
_ 60 000
atonm)
[Opyrue nagepxku (NPOekTMpoBaHUe, yCTaHOBKA 120 000 0
obopynoBaHus)
O6wasi CToMMOCTb BbINofHeHUs paboT 240 000 60 000
ExerogHoe TO? 10 000 73 000
lopoBast amuccust metana’ (npu $3/teic. dyT. ($106/
Tbic. M*); 8 000 4ac./roq)
2 CyXWX yNnoTHUTENs npu obLueit ammccun 6 dyT./MUH. 8640
(0,17 M*/MmuH.)
2 BRaXHbIX YNMNOTHUTENs npu obLein amuccun 100 144 000
PyT.3/MUH. (2,8 M /MUH.)
O6uasi ctoumocTb 3a 5 net, $ 333 200 1145 000
O6Lwas 3KkOHOMMS MO CyXUM YNIOTHUTENSIM 3a 5 neT:
OkoHomus, $ 818 000
CokpalleHne ammuccumn metara (Teic.dpyT.?) (npy 45 120
Thic.cbyT.¥rog (1278 Thic.m¥/ron)) 225600
1. Flow Serve Corporation.
2. MNoBTOpHOE UCMONb30BaHUE YNMOTHSIOLLEro Macna, Aerasauus, annapatypa ynpasneHus.
3. U3 puc. 4, npegnonaras Ty xe ctoumoctb TO, Kak 1 npu wtoke 7,5 aonma.
4. Ha ocHoBe T1NoBbIx 06bEMOB NPOBETPUBAHUS.

B paHHOM npmuMepe CToOMMOCTb BbIMNMOJTHEHUA pa60T MO YCTaHOBKE CYyXUX
yI'IJ'lOTHI/ITeJ'IeI7I BKIMKOYaeT CTOMMOCTb, KaK CaMOro ynioTHEeHUA, Tak U 4OoBEOEHUA
CyXxoro rasa o Tpe6yeMb|x napameTpoB, MOHUTOPUHTI Nnpouecca N yCTaHOBKY
nynera ynpasreHud. [na BnaxHbIX yI'IJ'lOTHI/lTeJ'IeIZ LUMPKynnpyroLee yninoTHALlee
mMacno, gerasauunda n yCTpOIZCTBa oxnaxaeHusa NCnosb3yrTCA NOBTOPHO U MO3ITOMY
y4TeHa TOJIbKO CTOMMOCTb 3aMeHbI YINMITOTHUTENA.



OKOHOMUYECKNE MoKasaTenu JaHHOro MeToaa XOPOLUO UITKOCTPUPYHOTCA B
anBe,quHon HKe Tabnuue NoToka AeHEXHbIX cpencTB 3a NATUIETHUNI nepuona.
anBeﬂ,eHHblVl adHann3 y4YnTblBaeT KanutalbHble 3aTpaTbl, COKpaLleHne aMmmccun
MeTaHa, 3atpaTbl Ha 3KCniyarauuto 1 TO, a Takke JIMKBMAAUNOHHYKO CTOMMOCTb
CUCTEMBbI BITaXHbIX yI'IJ'IOTHVITeJ'IeIZ. BaHO 3aMeTUTb, YTO NOAOOHbLIV aHanus
cneu,mcbmqu ONA KaXadoro KOHKPETHOro criyyasd, HoO 3KOHOMUYeCKMe nokasarenm
3aMeHbl Ha Cyxne CUCTeMbl yﬂﬂOTHMTeﬂeVI O4eHb npuerekareribHbl A4 KOMMNaHWN,
M NO3ITOMY UM CrielyeT Nnpon3BeCTn 3aMeHy BCEX BJ1aXXHbIX CUCTEM yI'IJ'lOTHI/lTeJ'IeIZ
HE3aBMCNMO OT CPOKa UX 3Kcnyataunn. Ha puc. 6a npeacrtaBlieHbl
9KOHOMMYECKMNE NOoKa3aTesrin 3aMeHbl NOJTHOCTbHO (byHKLI,VIOHVIpleLIJ,GVI CUCTEMBI
BIMaXXHOIO YNJIOTHUTENA Ha CUCTEMY CYXOro yrnioTHUTENA.

Puc. 6a: SkoHOMUYecKkme nokasartenu 3aMmeHbl NONTHOCTbLIO
(PYHKLMOHMpPYIOLLEN CUCTEMbI BNAXHOIO YNSIOTHUTENSA Ha HOBYHO
CUCTEeMy CyXOro ynnoTHUTens

YcTaHOBKa CyxUX YMIOTHUTENEN Ha KOMMNpeccopsbl "6ano4Horo” Tuna co wrokom 6 atonmvos (152,4
MM) ¢ HapaboTkon 8 000 YacoB B rog Npw NOMHOCTBLIO (PYHKLMOHUPYHOLLMX BIIAXKHBIX YNIIOTHUTENSX.

CTouMocTb U 3aTpaTthl, $ 0 rog 1 rog 2 ron 3rog 4 rop 5rog

KanutanbHble 3aTpaTtbl 1 3aTpaTbl

. | (240 000)
Ha YCTaHOBKY CyXUX ynrnoTHUTeneun

FoooBOE COKpaLleHUe 3MUCCUi

; 135360 | 135360 | 135 360 | 135 360 | 135 360
MeTaHa

loposele 3atpatbl Ha TO cyxux

yanoTeTenon (10 000) | (10 000) | (10 000) | (10 000) | (10 000)

JIukBMaaLUMoHHas CTOMMOCTb

. 20 000
BMaXHbIX YNNOTHUTENEN

WckntoueHHble nsgepxkn Ha TO

N 73000 | 73000 [ 73000 | 73000 | 73000 | 73000
BIaXHbIX YNNOTHUTENEN

WToro B rop (220 000) | 198 360 | 198 360 | 198 360 | 198 360 | 198 360

NPV (YucTas npuBeaeHHas ctoumocTb)?’=$531 940
IRR (BHyTpeHHsii Hopma peHTabensHocTn )=86%

Mepuoa okynaemoctn®=14 mecsaueB

'TopgoBasi 3KOHOMWA MpeAcTaBneHa Kak pasHuLa noTepb rasa Yepes HoBble Cyxue YNnoTHUTeNu
U 3aMEHeHHbIe BraXHble YNnoTHUTENN npu LeHe rasa $3/teic. dyT.? ($106/TbIC. MP).

“Yuctasa npuBegeHHas CTOMMOCTb OCHOBaHa Ha ctaBke auckoHTa 10% Ha nepuog 5 ner.

*[eprog okynaemocTu BapbupyeTcs oT 8 4o 24 mecsaueB nNpy obbemMax yTeyek, XxapakTepHbIX
ANs BnaxHbIX ynnotHutenen B npegenax 200 - 40 dyT.?/MuH. (5,6 - 1,1 M*/MUH.).
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Ha puc. 6 b npegcraBneHbl aKOHOMUYECKe NoKa3aTeny 3aMmeHbl CTapbiX BraXHbIX
ynnoTHUTENen, paboTaloLmnx Ha Npeaene cpoka aKcnnyaTtaummn: NMKBUAALMOHHAsA
CTOMMOCTb paBHa HySo 1 rogoBble 3aTpatbl Ha TO cucTeM BraXHbIX
YNroTHWUTenei yeenuymeatotcs (Ha atom npumepe o $100 000 B roa). Osa
npvBeOeHHbIX NpYMepa NOATBEPXKAAIT, YTO 3aMeHa BINaXKHbIX YMNOTHUTENen Ha
CyXxne MOXeT OblTb 9KOHOMUYECKU 3DDEKTUBHON HE3ABMUCUMO OT CPOKa
3KCnyaTaunm u TeXHUYECKOro COCTOSIHUS CUCTEMbl BIIaXXHOTO YNIOTHUTENS.

Puc. 6b: SkoHOMMYeCcKMe nokasaTenu 3aMmeHbl ycTapeBLUMX
BNaXHbIX YNJIOTHATENEN Ha HOBYHO CUCTEMY CYXMUX YMNNOTHUTENen

YcTaHoBKa CyxuX YMOTHUTENEN Ha KOMNPeccopsbl "6anovHoro” Tuna co WrokoM 6 Atonmos (152,4
MM.) ¢ HapaboTkor 8 000 YacoB B rof, MPW NOMHOCTBLI0 (OYHKLUMOHUPYHOLLMX BRaXHbIX YMNIOTHUTENSIX.

CTouMocCTb M 3aTpathbl, $ 0 rog 1rop 2 ron 3 ron 4 ron 5rog

KanutaneHble 3aTpaTtbl U 3aTpaTbl

_ | (240 000)
Ha YCTaHOBKY CyXMX YNnoTHUTENeNn

[opoBoe COKpaLleHne ammccun

) 135360 | 135360 | 135 360 | 135 360 | 135 360
mMeTaHa

loposble 3aTtpatbl Ha TO cyxux

ynnoTHUTEnNei (10 000) | (10 000) | (10 000) | (10 000) | (10 000)

nI/IKBVI,ClaLWIOHHaFl CTOMMOCTb

. 20 000
BIaXHbIX YNNOTHUTENEN

MckntoveHHble nsgepxkm Ha TO

N 100 000 | 100 000 | 100 000 | 100 000 | 100 000
BNaXHbIX YNIOTHUTENEN

WToro B rop, (220 000) | 225 360 | 225 360 | 225 360 | 225 360 | 225 360

NPV (Yuctas npvBegeHHas ctonumocTb ) =$614 292
IRR (BHyTpeHHsis Hopma peHTabenbHocTn)=90%

Mepuoa okynaemoctn®=13 mecsueB

'TopoBasi aKOHOMKMSA NpEeACTaBreHa Kak pasHuLa NoTepb rasa Yepes HOBbIE CyxXue YNNOTHUTENN
1 3aMeHeHHble BraXHble YNNoTHUTENW npu ueHe rasa $3/toic. dyT.® ($106/ Thic. MP).

2Yuctasa npuBegeHHas CTOMMOCTb OCHOBaHa Ha ctaBke auckoHTa 10% Ha nepuog 5 ner.

*[lepuron okynaemocTu konebnetcs ot 8 4o 24 mecsLeB Npu o6bemax yTeyek, XapakTepHbIX
anga BnaxHbix ynnotHutenen B npegenax 200 - 40 dyT.’/muH. (5,6 - 1,1 M¥/MuH).




napTHepr MOryT NONy4YnUTb 3HAYUTESTbHYO 3KOHOMUIO CPEeCTB U COKPaTUTb
3MUNCCUK0 METaHa, NnepeocHallada KoOMMNpeccopbl Ha NUCMNOJib30BaHMe TEXHOIIONMnN
CyxXux yﬂﬂOTHMTeﬂeVI. napTHepr nporpamMmmbl MOTYT NpeanoXxnTb crneayrowimne
pekomMeHaauunn no 3amMmeHe yﬂﬂOTHMTeﬂeVI, OCHOBaHHbIe Ha COBCTBEHHOM OnbITe.

% Cyxve ynnotHuTenu cumtatotcs bonee 6esonacHbiMu B paboTe no cpaBHEHUIO
C BIMaXHbIMW, TaK KaK He Tpe6yr0T Hannm4nga MacngaHblX CUCTEM BbICOKOIo
JaBneHus.

* [1nsi noBbilLEHNSA 3 DEKTUBHOCTU NpoLIecca NepeocHaLleHNsl KOMMPEeCccopoB
Ha CUCTEeMbI CyXMX YNIOTHWUTEnNe ero creayeT NnaHMpoBaTb Ha nepvoapi
MIaHOBOro OTKIHYEHMSs], YTODObl UCKIIOYUTL NepepbiB B paboTe Komnpeccopa.

* [Npu pacyete 3KOHOMUM MPU YCTAHOBKE CyXWX YMIOTHUTENEN NapTHeEpam
crienyeT yYUTbIBaTh, YTO NMPAaBUMbHO YCTAHOBMEHHbIE U SKCNyaTUpyemble
cyxvie YNIoTHUTENM CryaT B [Ba pa3a JosibLue, MO CPaBHEHWIO C BIAXKHBIMU.

* Ecnu cpok crny6bl BMa)KHOTO YNMOTHUTENSA Ha UCXOMe, TO NPSAMON aHanm3
3aTpaTt no HOBbIM CUCTEMAM YMIOTHUTENEN YKa3biBAET Ha MPEeanoYTUTENbHYIO
YCTAHOBKY CyxXux cucTeMm. [laxe, eCrnm CpoK Cry6bl MCMOMb3yeMol CUCTEMBI
BMaXKHbIX YMMNOTHATENEN He UCTEK, paboyne XapakTepUCTUKM CyXMX CUCTEM
yNnoTHUTENen obecnedar 3HauYMTErNbHY0 3KOHOMMIO CPEACTB U onpasaarT
NPEXAEBPEMEHHYIO 3aMEHY.

* I'IpM SIBHON 9KOHOMMWYECKOW npuerekaTeribHOCTN CUCTEM CYXUX yl'lJ'IOTHVITGJ'IGVI
MX YCTaHOBKY crenyeT npomn3BognTb TaMm, e 310 TEXHNYECKM BO3MOXKHO.

* Ha gaHHbIn MomMeHT 90% HOBBIX KOMMPECCOPOB OCHALLEHBI CUCTEMAMM CYXUX
ynnoTHUTENen. TEXHONOINI CyXuX YMIoTHUTENEN crieayeT paccMaTpuBaTh Kak
BapWaHT Ans BCEX HOBbIX TUMOB KOMMPECCOPOB.

* [locne 3ameHbl BNaxHbIX YNIOTHUTENEN Ha Cyxue HeobxoammMo
perMcTpupoBaThb COKpallleHNne 3MUCCUM U BKIOYaTb AaHHbIE B eXerogHble
otyetbl no nporpamme Natural Gas STAR.
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